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A bipolar transistor having an emitter (25), a base 
(31), and a collector (30) includes an intrinsic 
base (33) region having narrow side areas (p-) 
and a wider central area (37). The side areas are 
located adjacent to the extrinsic base region (31), 
while the central area (37) is disposed 
underneath the emitter (25). The lateral doping 
profile of the base is tailored so that the doping 
concentrations in the extrinsic region (31) and the 
central area (37) are relatively high compared to 
the doping concentration of the narrow side areas 
(p-) of the intrinsic base (33). The combination of 
the narrow side areas (p-) and the lateral base 
doping profile constrains the depletion region 
within the base thereby lowering punch-through 
voltage of the transistor without loss of beta. 
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1. BIS»B<Dx< ,9t. 

MEx i 7*TCE«Sh44'5Wi«it#L. 
mil^-XOi&Y-iivirtvj T 4MU BE* J>*M 
«B*A«W<Or'-tf;'i'-B*#. SWyH»»H-*iMlBt< KB 

2. mBBiearaiinffl-i?*?). aEJtscvsiipg-cc^&twB*: 
r*a«a i kek<z> t* ?vjxt* 

3. tJEaifeafiUpBTeo, nieii2tE«SniiBT««Cit«W9£ 

r *a*« i ke«w> n > 9 . 

4. tlKI-9S'!rxf 0/<y?x»-«{E*6i/6A:ttl=, BWW4 KSWIi 
tt«**3CIia©r 

5. BE1M K««li. *.t*Q. 0 5 ! 9 ■> y«U*6Ci*««£-r6B 

6. «KO» > 9 v<s, ?a*£nE*iMB«<DliDEy-tf y^aBttt. « 



»H¥7-501181 (2) 
hex t , #b»tu, ^maH&km 



1. «Ext,»«J|TT 



<o*ft*»c* 3ok— tr y rua. km* u 

tOESS 2 » K -ewms. u-<*li, DEI 1 <D K - e ysrv-«M.J: »j i>tt o 
tt<. «ilEJB3»K-i;yraflCW-cji.U. ME«20l'-ey^aitu-<ji.J: 

!}«.> 

*3V9xt <BJT> . 

9. #lEJBlfe»Blina-ce»). MES2&«HlipS-p*4-i*»«t 
T«M**8CEO©BJT. 

1 0. «E»l£»SlipS-C*t>, ME»aet»ffl(*nfir*6t4«i»B 
t-rsa** 8 CEBOB J T. 

1 1. net 9 v!>x9<&*>+x»-%auf*i,isM*.i\zini't4 kb 



awi-recm t««B4r 9 * 4 t'lMMta 1 o ceim>b j t 
1 2. «kim v«9.tt. *i*g. o 5 i;ov«t«6£itmm 

B*xjf,8CEB<0BJT. 

I 3. ME*li*3<DK-tf;'# i a*t-*!*lx. *J:*til O-.tW™' 
14. «E»2<OK-tryy«fU'</i-ll. Itl 0" ■tcm/i»"C«fi&£: 



HEX I^tpnft V.y*»«-*B2«a»B«-<-Jlt. 

ttE-<-*i p n !'J+ v9 ytK&ridlBX I £»B<D3 
. ME-t-xtt, y«^SDi^B£Et»lD*-t»*fti6C. WE-«-*-M»-<- 
x-3unS2M«OIHI«Mn-i K-lJy*T:a*fllA&ci*(»Bt 
'T6'*'(*-9V*i'#5'»S'l-5i'!'Jl* (BJT) . 

16. MCBltsWBIlnB-irCO. «EX2&*BUpB-C£«c&««B 

t«M«i 5a«e"«-»!'t^i' < n5y!'« ibjt) . 

17. «e*l£»SUpS-Ca>J. «E»2S«fflllna-tr*4^i«»B 
£T«B#ai SCEBUK^-J-AynizhJ^W (BJT) . 

i b. HEc-fv^ftii. £>)■< v-^snfcittoaaiBitcBasn 
fca< K-7-*nfc«B«H-«ct«tffltr6»*Bi B*atM*a*gii 

TK.B.tUD'Ua-l'JtVP'smVVIMxt (BJTJ . 

1 B. ME-JM KfflWtt, *J:*(I. 0 5 « f »XK86H4«Itti 
8*91 8CEB1DBJT. 

2 0. MEJEMIi. MBxi r*'»iBCIEBsnSci«*Kire,«*ai 

2 1. *9:j^:rxr^-mc3i^a«*Bj£TSiH4. 
-( f.n ?aau»jB< K-ysftfc-« ?x m #-<-*a<*.£ 

±0S< K-:T*nfclM KBfcC J; -»"CBE4 * * J- 9 » 
BLfc«< K-rsnfc*A«l«-«jaT6te»K. K-TTHt-SIE-f y M >- 

ME-f yn^'/T^-JtitfflKEtMWJiwfcCcKisn. ma 
•f »x m v>t ?-<-Jt«Wk:j:-,T**irM*iB4nfcn 
raiat 

2 2. «£1M FffiHIi. *it0. 0 S « ?o >tf«4li««iti 
M«xJ2 1 ICEBOX 3 Y\>-yK.H4*-TJ •, J9''*V\1V 



vx9*matr6%m. 
2 3. «Et£A.r«xai*. 

SOE-f ^My'/yf t-xftm±iDvx* >fUICZ*X& L. 
pBf-3TS*«tE-f y> g »frfa»i:aAT«ii«Mtr&SIM 
2 ICE«0 , /!)3>t«H/-tC'M*-5i't>»'/iyh5yi'*» 

2 4 . BE* S y 9 BW4HMM- 6IB«, 

«WBB*ai,r nB K-57H*ttAT*XB*«X.8 Ct«MBAr6a*a2 

1 cEB<o f; a vtfx yv~ y c*-f *- 9 v ♦ y > f • > h s j tfx t * 

2 5. «Bax.«,.,»9!**IMtT6iai*, 

NEXf/B UT Ti S K - rjH*«£BT * IH«I*.6 C i *«Bt r«B*a ! 
4CEBO!' « a v+lx \ u- ► C'«-f * — 1'J*vfswvY? VVXf* 

2 6. +r*n-r«t8teiai. 
»aaa »?9 awjiCBeasnftt-^aaK:. a 1 cu k-7Th*hi>tb 




K-7-3nfcB«*lB<S-ffifc»DC. B2mK-:fM(0*JHt»*. BEMaf 
-3TH«)*«aJ:»>*4< LT. BEB2iDK-7TtTtnE-«-XB«i;ttA 
Tfiiai. 

3>«<ibMEO< K-7-*nfc««t;TxJ,*B«**¥jt«*tt. «E 

-«-x««J:c. hex j r »««*««r«iat. 
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9 !f * -J 7 * p 'J > 5 > VX * *»Br 63J8U 

y«ttii5SrS*Ci**lB4rftffl**8 8 CEB^^-Jf.y?'/ . 

2 a. «»'<#--x^rsxa», 

2 HMK* , 3 ^44: t**«it-6a*91 2 8 CEBax-f #- » 9 * * 9 

3 0. MKasOK-TJrltt. 

E80'<4 * - 5 f r v 9 'y » > h 9 f * WIBT 
3 2. «S*S»*B»li> 



»S¥7^501181 (3) 

aaa 

owe**! 

>«<i#-»f * :>»■ «•»-.' r 9 yyx^r'^xaafflsacKr 

B8W<D«« 

iHaOKSB'M'*-?*'*:"'-" 1 "^ 5 "'*' (BJT) tt» -BBC 

,iy*x»-a, +«u*3i'**-<-*«avcii-e, *»- v 9*«t-<- 

*B»«° CBn>< J: 5 K»*&n*tt»tH»T6. ^ . - r 9 JVtt-<-*« 

-xsz««t««Bca»-ra. tea*?. 3i-»?ttW»i:n»fi 

tf. tfcHfcrE* '«f*XJi— BfftTlfS. ac, avb±.V&z.tW<-t 

t«JB©VV/-l'<-7li, ft*. sw*4 *-» r s yf»5a>a4>nra 
a*c. -<-xi*«»i*«>' < ^i''rt,5TWt*« 

»a <sic«) «!<KO«fflcJii-c. ifflresc^y^A^aHTtfattt- 



K (SiC) *A*«fflr**BK, M'«B»*S*iaLT^S. 

n6Ctl»«^,fe. Hjyy*Ti(*»i'lav*-/« fox's 
fWHBI*. a-fe--j.itr#*f- (MBE) £ LTjD*nTi'*B**«-, 

rftftans. c®sisirrt, *ntu-n«i(M*M*>n. 

LfrUItfi. MBEBBOtttHHtt. SBtttP&S* C». I !f« 
tttflSIl, -«C, WWtt««*Bi*<D«a BiCMOS^-fc 

^ »=a»«r'<-(*) cHent»fc. =.=.tr, »siu-<iHi*»L<«iiii* 
nT*o. -eii>«aattHaic<hsi>. cwic a*©f) z>>tuuutt 

-«E*H«»caa.r5Bfiii. *«a«*nTi'«vv. 
*««it. **s> *-*T'*4 *t<w-<-* tap«y*» 
»-«tt*H»»citttr6Ha*H«T4t>a>r*«. s&c. *»iacJ;mi 
. tosLtv^/Mxaaii. a*of i3y*a3W£«vr77<-firw* 



I(7>. 3K«0*(W«tiS»*l'tyl'!'>>'"'*-' 

T#««C-3l»-c*¥CfiB*ft6-f 9* * 9 ** »*««£• MC* * »' 

©TcKaah6+*«w*#c. aattcict*. -<-^(o*¥<or--^^r 

?=7H*tt. ^ f» Ky'/»*'il«i+*»»T!«)l'-ify*'M«8» 

mc-f y m >f»f"<-x<z>iM KawDK-tr^aatctt-traKfts* 

7^**.. *<o' T .« Kaaftcaasniszaatiwi-fii^c. 

n&. ^-x^es^^fasawweataftrciii. x-fcwLTa© 

sfcoriia^. tc-ci*. (HfcAittaa*. oiri'*a***r. 
Hit*. 1 oa> 1 sestm-ncDr-nyirmmiiLX, «■«*»< Bt»* 

**a#rs 1 *5tKc«iscr. iHf»*n«e«*ai'fcsrtr**. 
HIBB. B< K-^Snfc*5B«tH£B< K-^anftww**m*B6 

r* 2 »s*cj:,r*«aha«« nfcawajeatwi-^aDTe*. 

B3A». »H<I1«S«-C. 2oa>«< V-y»tlizPn9r Vf'y.vU 

■e*6. 
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H4AH. it*<i»<4«—>v*vt's,yy}-s'Jxtmm<Dm&B*f!rr 

B4 Bit, B4 K<OK-KWWm&1xlz.ywVr.*<Dim'-i£.>7?v 

9CO£«-Cli, If Ll«M » yf</i > \?W*.9T'<4 *Ba*< 

B*8n.i. iCTtt. *BW*ttBttea»LTb<5 »B«K-tr 

Ltt*<*. cn*<DW*awaii. *»»*3SHT6fc»!>K:riflE*3n<Ji»i>-fcL 

©Brit. ^BC*5SH*BR4CT6C<t%atf4fcli)C. -KJO^nTV* 

«a£-t©&Stttfic-ov>TiiffMic*L-a*u;i,>. 

*a3B»H«rJSra«. Bi*#HtT. PNf+y^f.yo-soiM kic 
jftsanftstagaoawmc K-ei-j'MiDasatsT. at «, ■ < p-a 

«tn««*4>-3«< K-y*ftfci>»y*fr myt. *14ICK-y*ntef 
*<-CH6. Bl*J<&a0>«M:-)e. BWdtt. K-tfy^saSI-iifcEE 

biai*. »*i«iatjc*»««5c«-,r. «< K-r*n/=-»y^*a< 

if**o-«nft*»«M-5fci6i:. irsi »yfx>sit. a*c«btvt 
i<«. laftattait, s-aoji-.rK-rsnfcHHMos'+v? cs-tio 



H«¥7-501181 (4) 
HMostmacwdrafcaciMSisna. bub-sb, *i< K-rsni; 
««4«< K-rsnft«HMa>*PB<!>i'»>'? v.**, tnsaaaai ic 

^PLI^^0J:0Bt^l<£•>■-*4 , . B3©3 A— 3CC«*>*fCl'>6. CCTJ. 

«<a< I'-ysnfcPsi't^i'iyf. ;^ojldc<. *2S< p-* 

-rsftfe+y^jni. aai stw*i sKJc-jT^sntv*. *fc. »< 
u< r—rsntzty-TiMMtmi 4iLTssfiti<s. i«jc»-«i. Mb 
-,t. a< i<-y«<itt^*i«< c-3'S*ifc+y5'*lBea»«»-ee 

-6SZMIie*:<t*i&*-6citll-CSttV'. l*>Lto»>6, B3B"D21*je 

m3B-ei*. a< K-s'stifc+ys-JH 4-eossaatt. iRxa-c*a 
sntsir. p-««4n-<wiMMt,tti'>£iea*sh*:t'. bu >«i 

4<0*S!>(-f-»,hSH <«AK. 150. 1 CfflW 

*yr;w»<ss*««. 3E4txi*S4i*T;sa-fact#misn». a>2a 

B3 B-C«AWdtCT«*>nTl'6. 

*oie< *ob< K-rstifcYy^ncjioTBinfc. a<tt<a< k- 

y*ftfc+y7 , JH*T?ffi2«jS<fl*!Sft6««ti. *B!UiO+-3y*yh-<r* 

*. ciwaHtt, B3Bc*an***«acMBsn«i'cica*snft^ 
. PNi't- y*v.vit>-siD*< p«i«i«b< p-rsnsan 

f/r*tfflt'*ciTi«sns. ca>*Bii. as Cessna. 

H3CT!lt, BBl 4<DPNf <,s<r<snva>-1SO*4 K#. B< 

nr <a*.ix, o-) *o, ttsoiM ki*b< K-y*nr «w.«. P -> v» 
a. a^ajuu*. i»,?».yo«trtt< Pit, *sfea«i 4fc-e* 

BSCfWuawt. p-try^Bsettaai 3, 14. i seavritieHu: 
JS-tr*4<o-c, f+>?f.y<DK*— <nao *•< K±o^r'j v.^aa 
it, «'ND«»*»if6. as. T?*r> (em -m ciiDszaaii. a 
ai 4KBr.raflrt-s. cc-e. acaait. »<«-ii't^^ii'H 



y!>*»J)-<-AT!4), Bfe.t<JttpVp-/p'AVI'-*y4'7-a7T-<»* 

a*TsciKJi,T. a-<-#*H»ca»i-tt4'6. «<a< K-rsnt 
-<-aattrta>'<y*3t*-ta6Tci*'»i«Ta6i^-}c4;-tr*6. ms 
, «hiid*4'kii. mjE©aaT?««i,'H«u **f»y?»-.>'< 

«tttr6fci6C. -<-xaacB6**K-tryryo7r-(**flF6iiilc 
BT«. 

B4AI*. SE*fiaSav<4*-»t5i'yx^<0»BB-trJ66. B4 A»V9 
f «*nciiKS4tB< K-^*n*. 

«fc»c -f n yf » t aaiip bo k -3 , »uxa< K-^-snrKs. 
*f.B«c- a«*fta«y-f y*«BH-6fc«sc. -« y m y*, ? -c-»a« 

2 3 (x; 7 ^2 5<Dn-OHT : KEB*nT^6) «. «< K-rS41Tl>* 

. B4 Atfwtf-j ^fy^xfoaanafwau. J:<«8snriiD, 
-tofcib. coTrn^-'.'.y-eiHiattttHutv'. 

B 4 B It. B4Ai!»>y!<*yil)*Wf</>i'.y*i'<-x«l»ta 

ar6c-tryraaEN*«)ro.,hT*6. s-ryzeH. v^^yA-A 

•JtT?<D*iM)l'-iJy^o7T^^*r. <J-H«7*'«-»«ffl 
-(^xMyfT^-t-xawojKiaK-try/Bfltit. oiom-" 
-^««2 3rtO««BCJ:0«lil'-ey«'airi/-5n.CE**n&. 

i-t-^aaz 3~»aart-*»ar««a2 8i 2 g**f. B4 asv«^ *- 
j^t^fji-hj v'jx**mw.^b. cn^«>fi2a«<o-«-x««^ 

u#»-^-A«K<odf^xaa-e4j. sza«2 9tt. *&c-«-x«a2 s 

-vKSU a»ncS2B«2 8CS6. c<Di->C. H4A~4CC?.sns 



b j T*»6fc»a>-**-ji-? <it. ^y*^*-att«<a< /x*t^i 

Jf*L<tll>ci*«Bc:6tiTf*a. tUJ. *sez-<-xatt3a*rlE«'fcr ) 
. ■efflK-ey* , *«*l*»8Ctli. -<-#*tt< t«St*Tl/*«tf1f. '« 
y?xji—«£E«-_tl/«. 
*«MOr'<-< A«ffi(i. H5A-5Cca*^iTl>6. *B8-eOBB£tt 

««er«>»ar, »4>bl a< K-y*nfc*fta>'i y n y 

'/tM-x««3 7<0»OTJ*6. #JW>"<-*a*3 7«. «««5S:a< K 

*3 i*"i»a*n-ct»*. -f y m yf r»-<-*iaj at+Ao-t-xa 

«37lt. BXifciiT*2 5iOTCEB*ft6. BSC. 0»H»t 

#-<-*a»a lion y f , »-<-x««3 34**©-<-*aa3 1 n 
. 4T3v*#a«3(i<oj:ceeB*n6. 
*awfflBaua»«r(i. xs-,#a«2sit. B«i.i~o.3!?»f 

BT?. »0. 0 5 ! » o y<0«SC««S*i.TV'6. a*<D-<-.*Bli. BO. I 
i poy7T«6. -f *x I- p-«-jiaa3 lit. -<-xBK«*S 

rfc»c<B6. a«3 lit. nHftcu. K-rjuofjay^trjin^-^ 

<D«I1ICJ:,-C»«sn6. *S!«BTIt. DM V 9 yf, 

3 in. ni.mi o"T>i/'M'ioaBC«>-f*yffiAa'ttsn.6. 

^Hy'/,#-<-*ilt3 3tttfc. nsncit. »*+y«tlU 
•<*yttXic^-,T«i*sn6. lf*L<lt. -t-xa*3 311. «S. Oxl 
o "r > A/«"a>aa;<D-< x yffiA^tisns. 

*»!a©itt»«it. «-*iati»t6*«)K-e/^i"77< jmi> 
. a»«>B jTi:H:eLTj:!)a<*«.«.n.Ti»6ii>-}ciT*«. b*u< 

It. r/Hy/i^-iftOK-U^I <^h*>*. ft^T-l'Ob) «< 

aao»5»«ica&sn6. *ft*«6. h*«eb< c-wnfcp'Mi 

3T*4jft-4-4fc»!iC< »2®-c-xttAXa4<. -I v H W i f*-*** 

3 3®*AJ:i=EBan6Tx*y^a«aLTanaft*. aai icitra 
aAit. a* i i,t2s (Diesx:ftti-,mtTsti&. *aasn?tt. x ; , 

f 3 5 4-iBar6fcliK:«tonfc-'x + y« r Bll*te. B«3 T<DItA®te«»K 
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R»Bp'«IW3 T«. MLXtttMOOM »*'»»*«-***-*'»' 
-<;K>»2BKK-r8n*. «*3 7<DitM*. f"UIU<»>3SOS 
A'PEKCJOSn.t, iHRMCr^- 9 Vf** ?JW»T8n6. ESS AOt» 

■ 5 AC»*<ftWS«*«»«lt, +*B«3 7 
IX. **31«M.S=.£tt. B< K-««'(!'M»S'»> -e-xB«© 

B5 Bli. BS AID r ? ffx* «C««*¥<DK- t!J-^o 1 r •< * 
*«T. CCT. K-tVjrjUCW, KtMM (P*) 3 9rtrtt**(cB< U 
O^UMyCT^MlB'l 3 !***©-<-*«» (P'> 3 7 

*«Mrrs;iicffi*s*tfci>. **aat3 7Tii. r- if *- 

3 BHX-,XSi*n. 4 9X11**1 0 «-x«*3 3 © K - t^B* J: 0 
■AH. ^XH^J^-'M! ieHT&K-i^a*.t •>*>?> 

en«. tniSoawciiSKHt^v-rin-cbJ:^. 

-x<D^ttT!. lo<Op*«l*<DjaSLfcHRIffifcl*IC. H5A-H5 
C-e**n*«Btt. H3C-e*Sti6«»CBWlt-C^6. -3*9. tti"MH 
©fclfcc. 3K»*-~c-*S!2««tt. »7»©fflMttK-if>^«BC4<9<.4. 
«vO«6 »M^H^ 7 » -<-x«»3 3 ©+4Tri±ttSLttl^ 
ititf, 42BWI*. -c-xe«/«/«a>ik¥«K-ti'^y.o7T-<Ji«J: 

a. Bscc««>n.ri>6. 3W*-^-*sa«*ii. ««< ic*-,t* 



Tf«¥7-501181 (6) 

*ICt,TWlS3h. #M-<-xl»»< 211. «*©**f + v91f*VH 

«B». 8*131=. *0«< K-7«lfc**^-«iLt. H3CICB«M- 

I*. i!,;i)iTm«>. UKB< K-^8ft*S-«-*tWU «!*.«. IB 
H3 9CJ:-,T3Ea*ftTl>6. RMS 9H)-SOt< roa<Ot 
ROfcfcC. ;<y*x*-mSli*»<«*Sft*. *SKl!7>-^->M 

Ma g^fflioev'K-trv^efcibc. pni't^i' ♦* 

L<JtAT«. 

ii£UA;J:'JC42«»*»aT*it«» -«-*«6M««HS If J"* ► 
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